CORROSION RESISTANT VENTS WITH INTEGRAL FILTER 



FIELD O F THE I NVENT IO N 

The present invention relates to vents with integral filters and more 
particularly, the present invention relates to vents with integral filters which are 
corrosion resistant. 

BACKGROUND OF THE INVENTION 

When storing hazardous materials in enclosures such as drums, convenience 
cans or even rooms, it is frequently necessary to vent gasses from the enclosures in 
order to avoid hazardous situations. Exemplary of gasses which should be vented 
from enclosures are hydrogen gas, and volatile organic compounds which can result in 
explosions if not vented. Of particular concern are transuranic materials which contain 
or generate hydrogen gas. There is a risk if hydrogen gas is not allowed to exit from a 
container that the gas will cause an explosion within the container dispersing 
radioactive materials into the surrounding environment. 

Nuclear storage enclosures must be able to store a nuclear waste material for 
thousands of years without rupturing or leaking. Accordingly, venting hydrogen gas 
and volatile organic compounds is necessary for at least the initial portion of the 
storage period. Transuranic material frequently includes corrosive agents such as 
hydrochloric acid, nitric acid, 1,1, TCE and carbon tetrachloride which, over time, tend 
to corrode materials such as stainless steel used for drums and convenience cans. This 
is especially the case at locations within drums such as vents where stainless steel 
interfaces with filter media and fluid materials are flowing. More particularly, it is 
necessary to control VOC release and ventilation of hydrogen gas generated in 55- 
gallon drums, overpacked drums, and standard waste boxes containing TRU, low 
level hazardous or mixed wastes that contain chlorinated solvents, hydraulic acid or 
nitric acid. 



Teets have indicated that the prior art filters such as sintered metal filters 
become plugged when HC1/CC1 4 is bubbled therethrough so as to not permit passage 
of hydrogen gasNt was further found that 316 stainless steel housings with epoxy 
sealant and a carbor^£Qmposite filter resulted in the epoxy becoming gooey due to 
reaction with solvents. It w^s further found that a mechanical press fit seal of a 
carbon-to-carbon composite filteKm a 3 1 6 stainless steel housing passed compatibility 
tests with nitric acid, CC1 4 and TCE witfi no change in filtration performance, 
however, this arrangement is not compatible with HC1 because exposure to HC1 
results in the filter media becoming plugged wfth a corrosion residue that is moist 
with condensed acid fumes. Insulated carbon-to-caHaon filter media exhibited no 
plugging when tested in the absence of adjacent stainless^teel structure. 

In view of the aforementioned considerations, there is a need for a venting 
arrangement for stainless steel containers having carbon-to-carbon filter media, 
wherein vents are not degraded by the presence of corrosive agents. 



SUMMARY OF THE INVENTION 

The present invention is directed to an enclosure vent adapted to vent 
hydrogen gas while controlling release of volatile organic compounds from an 
enclosure into an environment surrounding the enclosure, the vent having a filter 
element and being resistant to erosion from corrosive materials including chlorinated 
solvents, hydrochloric acid and nitric acid. The enclosure vent comprises a housing 
defining a chamber therein having a first opening adapted to communicate with the 
enclosure and a second opening adapted to communicate with the surrounding 
environment. The housing is made of an alloy, such as the alloy identified as 
HASTELLOY® C-22®, so as to resist corrosion from the corrosive materials. 
Within the chamber of the housing is disposed a unitary filter element located 
between the first and second openings for venting hydrogen gas from the container. 
The filter element comprises a carbon-to-carbon filter media for providing a hydrogen 
permeability greater than 10E-06 mol/s/mol/fraction with a removal of 0.45 micron 
particles exceeding 99.00% at an air flow rate capacity less than 200 ml/min. at a 
pressure differential less than 1.0 inch water column. 
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In a further aspect of the invention, the housing of the enclosure has a radially 
extending flange portion adapted to overlie the outer surface of the enclosure and an 
axial ly extending portion adapted to pass through the opening in the container, the 
axially extending portion including a coupling adapted to attach the housing to the 
enclosure. 

In still a further aspect of the invention, the axially extending portion of the 
housing includes a support arrangement within the chamber for preventing axial 
movement of the filter media through the second opening of the housing, the 
enclosure vent further including a perforated lid attached to the housing for preventing 
axial movement of the filter media out of the second opening of the housing while 
allowing passage of hydrogen gas therethrough. 

In a still a further aspect of the invention, the flange portion of the housing has 
a relieved portion which receives the lid in a press fit that permanently retains the lid 
on the housing. 

In still a further aspect of the invention, a gasket is disposed adjacent the 
flange portion of the housing to seal between the flange portion and the enclosure. 

In still another aspect of the invention, the enclosure is in the form of a 
container such as, but not limited to, a drum or a convenience can. 

RRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is side elevation showing an enclosure vent according to the present 
invention disposed in the lid of a drum; 

Fig. 2 is an enlarged top view of the enclosure unit of Fig. 1 removed from the 

drum; 

Fig. 3 is an enlarged cross-section taken along lines 3-3 of Figure 2; 

Fig. 4 is an enlarged bottom view of the enclosure vent of Figs. 1-3; 

Fig. 5 is a chart setting forth comparative aqueous corrosion data for 
HASTELLOY® C-22® alloy; 

Fig. 6 is a top view of a convenience can having an enclosure vent configured 
in accordance with the principles of the present invention; 

Fig. 7 is a side elevational view of the convenience can of Fig. 5; and 
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Fig. 8 is a side elevatiorNof the enclosure vent shown in Figs. 5 and 6 
separated from the lid of the convenience can of Figs. 5 and 6. 

DE TA ILED DES C RIPTIO N 

^f^hy^ 1 Referring ik^w to Fig. 1, there is shown an enclosure in the form of a drum 10 
5 for storing a material\l such as transuranic waste. The drum 10 has a lid 12 with an 

opening 13 in which is disposed a vent insert 14 with an integral filter element in the 
form of a carbon-to-carbon filler media 16 which communicates with a head space 17 
between the material 1 1 and lid\l2. The filter media 16 may for example be a carbon 
bonded carbon filter composite such as that disclosed in U.S. Patent 4,500,328, 
10 incorporated herein in its entirety by reference. 

\yj A^gas, such as hydrogen gas, accumulates in the head space 17, the gas is 

vented tlirou^hohe filter media 16. In accordance with the principles of the present 




invention, the flltern^edia 16 is enclosed within a housing 18 which is made of 
HASTELLOY^^22(E)-ane^H : he significance of which is explained hereinafter. 

deferring now to Figs. 2-4, the filter media 16 is retained within housing 18 
which is shown in greater detail and has a first end 20 and a second end 22. The 
lousing 18 is cylindrical about an axis 24 and defines a chamber 26 having a shoulder 
28 therein. The filte\element 16 is disposed within the chamber 26 and abuts the 
shoulder 28. The shoulc^r 28 has a sharp annular edge 30 defined by a slightly conical 
20 portion 32 of the shoulder which bites into the bottom surface 29 of the filter element 

16 to provide a knife edge seal>6 so that the first end 20 of the housing is sealed with 
respect to the filter element 16. Consequently, all of the gasses, liquids and solid 
particles within the drum 10 which passN^rough the vent 14 must pass through the 

25 The housing 18 comprises an externally threaded cylindrical portion 40 and a 

radial flange portion 42, the radial flange portion having a circular relieved area 44 
defined by an inwardly facing annular wall 46. Between the annular wall 46 and the 
cylindrical chamber 26 is an annular shelf 48. The annular wall 46 and annular shelf 
48 cooperate to define the relieved portion 44. Received within the relieved portion 44 

30 is a lid 52 that has a plurality of circular openings 54 therein which in the illustrated 

embodiment are arranged in a circle with one opening aligned with the axis 24. A disk 
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52 has a diameter which compliments the diameter of the wall 46 so that when the 
disk 52 is pressed into the relieved portion 44, there is a very tight interference fit. 
Consequently, no adhesive is required which might interact with corrosive or 
otherwise deleterious substances in the vicinity of the enclosure 14 . The lid 52 is 
pressed down to engage against the annular shoulder 48 so as to overlie the filter 
element 16 and hold the filter element 16 against the penetrating edge 30 on the 
shoulder 28. 

An annular neoprene gasket 58 is disposed against the back surface 60 of the 
radial flange portion 42 so as to seal the housing 1 8 with respect to the outer surface 
of the drum lid 12 (see Fig. 1). The radially extending flange portion 42 has flat edges 
62 so as to provide gripping surfaces for a wrench when the vent insert 14 is threaded 
into the opening 13 through the lid 12 of the drum 10. 

Referring now to Figure 5, in accordance with the present invention, both the 
housing 18 and the lid 52 are made of H ASTELLOY® C-22® alloy which is a 
proprietary alloy available from Corrosion Materials Division of Spectrum Metals, 
Inc., having the present address 2262 Groom Road, Baker. Louisiana 70714. The 
HASTELLOY® C-22® alloy is resistant to chemical corrosion from chlorinated 
solvents, strong acids including hydrochloric acid and nitric acid. By having a press 
fit, adhesives and cements such as RTV need not be employed so that deterioration of 
adhesives due to exposure to hydrochloric acid is avoided. The expected time to 
failure of a vent configured in accordance with Figs. 1-3 or Figs. 5-7 in a typical 
hydrochloric acid storage/ventilation application is about 200 years. Failure in such a 
situation occurs when the vent insert 14 becomes clogged due to corrosion. After 200 
years, it is highly unlikely that hydrogen gas generation will be occurring. 
Accordingly, sealing of drums 10 after 200 years by plugging the vents may quite 
possibly be advantageous because plugging the vent inserts 14 in effect seals the 
drums 10. 

From the data of Figure 5, it can be concluded that HASTELLLOY® C-22® 
has an average corrosion rate no greater than 2 mils per year when immersed in 
hydrochloric acid at a concentration of 2.0 to 2.5% by weight and a temperature of 
90 °C; an average corrosion rate no greater than 2 mil per year when immersed in 
nitric acid at a concentration of 10% by weight and boiling, an average corrosion rate 



no greater than 6 mils when immersed in a solution of nitric acid and 15.8% 
hydrochloric acid at a concentration of 8.8% by weight and a temperature of 52 °C. 

Moreover, Figure 5 shows that HASTELLOY® C-22® has an average 
corrosion rate for hydrochloric acid at a concentration of 2.5% by weight at 90 °C 
which is less than 1 mil per year; an average corrosion rate for boiling nitric acid at a 
concentration of 10% which is less than 1 mil per year; and an average corrosion rate 
for nitric acid plus 15.8% hydrochloric acid in a concentration of 8.8 percent which is 
no greater than 4 mils per year. 

Referring now to Figs. 6, 7 and 8, an enclosure vent insert 70 is shown for 
venting a convenience can 72. The convenience can 72 is of the type disclosed in US 
Patents 5,91 1,332 issued June 15, 1999 and 5,727,707 issued March 17, 1998, both of 
which are incorporated in their entirety by reference. The vent insert 70 differs from 
the vent insert 14 of the first embodiment set forth in Figs. 1-3 in that the vent 
housing 73 has a cylindrical portion 74 which is unthreaded and a radially extending 
flange portion 76 which is circular rather than diagonal. The vent insert 70 also 
includes a relieved portion 44' which receives a lid 52' having holes 54' therethrough 
in a press fit interference relationship so that there is no adhesive required. In 
addition, the filter element 16' is received in a cylindrical chamber 26' and is seated 
against a sharp edge 30' on a shoulder 28'. Moreover, both the housing 73 and lid 52' 
are made of HASTELLOY® C-22® alloy. Consequently, the filtering, and mounting 
of the filter element 16' within the housing 73 in cooperation with the lid 52' is 
substantially similar to that of the vent insert 14 of Figs. 1-4. 

The vent insert 70 is received within a round hole 77 in the lid 78 of the 
convenience can 72 with the flange portion 76 having a lip 60' that overlies the 
surface of the lid. In order to secure the vent insert 70 on the lid in sealed relation 
thereto, a tungsten inert gas weld 80 is formed completely around the periphery of the 
radially projecting flange portion 44'. While the flange portion 76 is shown as 
circular, it can be any shape as long as it overlies the top surface of the lid 78. 

While the vent inserts 14 and 70 have been shown in combination with a drum 
10 in the first embodiment and a canister such as a convenience can 72 in the second 
embodiment, the vent inserts may be used with any wall of an enclosure requiring 
venting. For example, one or more of the inserts may be used in a large enclosure, 




such as a room, or in enclosures of various shapes and sizes being made of various 
materials. 

In all embodiments of the present invention, the vent inserts 14 and 70 both 
meet WIPP, WAC and SAR Section 1.3.5 requirements i.e.,: 
H 2 permeability exceeds 20 E-6 mol/s/mol fraction; 
remoye greater than 99.97% removal of 0.5 micron DOP; and 
provide greater than 200 ml/min. air flow capacity at less than 1 .0 inch water 
column. 

i The filter element 16 comprises a carbon-to-carbon composite filter media 

10 which impedes diffusion of volatile organic compounds, eliminates the needs to GAC 

"if ^ Pads TMS® for drums or costly repackaging operations; resist chloride corrosion, 

Iq Without further elaboration, it is believed that one skilled in the art can, using 

the preceding description, utilize the present invention to its fullest extent. The 
>-S 15 following preferred specific embodiments are, therefore, to be construed as merely 

Ij illustrative, and not limitative of the remainder of the disclosure in any way 

whatsoever. 

In the foregoing and in the following examples, all temperatures are set forth 
uncorrected in degrees Celsius; and, unless otherwise indicated, all parts and 
20 percentages are by weight. 

The vent inserts 14 and 70, configured in accordance with the present 
invention with a carbon-to-carbon filter media 16 in HASTELLOY® C-22® alloy 
housings 18 and 52, demonstrate chemical resistance through tests in one liter 
desiccators with about 200 ml of 12 mol (concentrated hydrochloric acid (HC1)). The 
25 tests were accelerated tests wherein vapor pressure of 12 molar HC1 at room 

temperature produced a vapor concentration of 100,000 ppm v of HC1. This is 
compared to the worst case expected of a 3 molar HC1 concentration in drums which 
at room temperature produce a vapor concentration of 30 BP nv of HC1. Thus, this 
test accelerates by more than 3,000 times the expected corrosion challenge to the vent 
30 insert with an integral filter media configured in accordance with the present 

invention. The test included a 100% immersion of the vent insert in vapor rather than 
just one side of the insert being in vapor and the other side being in cleaner air. 
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During the test, the HC1 concentration was kept constant at 12 molar with the 
concentration not decreasing over time. 

After 38.7 hours, the vent inserts of the present invention were 5% plugged; 
after 234 hours the vent inserts were 10% plugged, and after 405 hours, the vent 
inserts were 30% plugged. When plotted to a failure point of 100% plugging, the 
estimated time to failure at which there is a 100% increase in resistance to flow for a 2 
inch water column at a set flow rate of 200 ml/min. or 100 ml/min. at a 1 inch water 
column plugging was estimated to occur at about 600 hours. Under normal 
conditions, the expected plugging in 75,000 days occurs after 205 years. 

Comparative Examples 

A vent insert having a 316 stainless steel housing with Dvcon epoxy sealant 
and a carbon composite filter element failed in nitric acid, failed in carbon 
tetrachloride and failed in 1,1,1 TCE. After 24 hours, the epoxy became gluey. 
Moreover, after 24 hours, the reaction of the epoxy sealants with solvents continued. 

Comparative Example 2 

A mechanical press fit seal with a carbon-to-carbon composite filter element 
disposed in a type 316 stainless steel housing passed compatibility tests with nitric 
acid, carbon tetrachloride, 1,1,1 TCE with no change in filtration performance. 
Exposure to nitric acid resulted in a test chamber being filled with NOX fumes with 
the filter unchanged. 

This vent insert failed the HC1 compatibility test because the filter media 
became plugged. Corrosion continued to increase and thicken throughout the 
exposure to HC1 with the corrosion being moist with condensed acid fumes. 

Comparative Example 3 

The carbon-to-carbon composite filter element 16 which has a carbon content 
greater than 99% with 0.26% calcium and 0.73% potassium was tested in a 12 molar 
HC1 environment and showed no plugging indicating that the proximity of the 
stainless steel housing and lid caused plugging of the filter media. 
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By using the HASTELLOY® housing 18 and lid 52 in combination with the 
carbon-to-carbon filter element corrosion was minimized so that a 200 year time to 
failure interval resulted which provides timely acceptable corrosion resistance. 

The preceding examples can be repeated with similar success by substituting 
the generically or specifically described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 

From the foregoing description, one skilled in the art can easily ascertain the 
essential characteristics of this invention and, without departing from the spirit and 
scope thereof, can make various changes and modifications of the invention to adapt it 
to various usages and conditions. 



